Kidney disease (KD) is a serious risk factor for cardiovascular event, and it is important to protect the heart and kidneys during treatment of the high blood pressure to prevent cardiovascular event. Japanese guideline (JSH2014) suggests using combination therapy to reduce the risk of comorbidities rather than high-dose monotherapy for the patients with cardiovascular disease and KD. Therefore, the present study assessed antihypertensive prescription patterns in Japanese patients with ischemic heart disease related diseases (IHDRD) and KD, and evaluated whether the prescription patterns match with the guideline-suggested therapies by analyzing the national insurance claims database (NDB). We extracted antihypertensive prescription patterns among Japanese IHDRD patients from the data of October 2011 of NDB, and examined the eŠect of KD on the prescription patterns. The number of prescribed antihypertensive was associated with KD among patients regardless of IHDRD. Patients with IHDRD and KD were more frequently prescribed combination therapy (calcium channel blockers/angiotensin II receptor blockers) than the calcium channel blocker monotherapy, based on the JSH2014. On the other hand, we did not observe the standard use of diuretics for patients with heart failure, which is suggested by the JSH2014. Theseˆndings suggested that patients with IHDRD and KD were frequently prescribed combination therapy to achieve its cardioprotective and renoprotective eŠects, according to the JSH2014, but the prescription proˆle to the patients with heart failure didn't match that of guideline-suggested therapies. This study provided a clinically important information and demonstrated the utility of NDB for compliance assessment for therapeutics guideline.
BACKGROUND
The clinical guideline consists of evidence from clinical study. The survey of compliance with the guideline leads to assess appropriate therapy and the thinking of medical professionals to evidence-based medicine. Therefore, we survey the compliance of guideline using large scale medical database in order to promote appropriate medication therapy.
The heart and kidneys are functionally linked by the sympathetic nervous system, renin-angiotensin-aldosterone system, and antidiuretic hormone. Because the kidneys regulate blood pressure (BP) through hormonal control of water volume and ion concentrations, kidney disease (KD) and hypertension create a vicious cycle. Therefore, KD is an important risk factor in the progression of cardiovascular events, as well as the most common comorbidity in cases of cardiovascular disease (CVD). Increased risk of CVD induced the hypertension which exacerbate the serious KD. Therefore, CVD is also a risk factor in the progression of serious KD. CVD includes ischemic heart disease related diseases (IHDRD). In this study, we deˆned KD as risk factor of IHDRD, and we examined the eŠect of KD on the prescription patterns of IHDRD patients. These mechanisms highlight the importance of protecting the heart and kidneys during treatment to control BP, and the BP of patients with CVD and KD should be controlled more strictly than that of patients with only CVD. 1, 2) In addition, antihypertensive therapy is thought to provide protection against stroke, heart failure, and renal disease. In fact, the Japanese guideline for antihypertension management (JSH2014) suggests combination therapy, rather than monotherapy, to achieve optimal BP control in patients with CVD and KD. 2 8) In Japan, 99.3％ of Japanese residents are covered by the national health insurance system, 9) and this system requires that medical institutions provide The structure of the medical and dispensed claims, and the restructuring strategies based on the patients' records. The medical and dispensed claims consisted of records that were stored in the claims database. We reconstructed these claims using the patient's reference number, and then combined the medical and dispensed claims by matching their common identiˆcation number-1 (ID-1) for outpatients whose medication was dispensed in a pharmacy. RE record: ID-1, age group, sex, month, and reference number; SY record: diagnoses, their modiˆers, and reference number; IY record: medication name and reference number.
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YAKUGAKU ZASSHI Vol. 137 No. 7 (2017) itemized claims for each patient. The Japanese Ministry of Health, Labour and Welfare (MHLW) collects the claims data and has created an electronic National Insurance Claims and Health Checkup Database (NDB). 10) Because the NDB includes the largest collection of Japanese medical data, regardless of the patients' region or income, this database is suitable for surveys of Japanese pharmacoepidemiology. 11, 12) The present study attempted to clarify the antihypertensive prescription patterns for patients with IHDRD and KD, and to compare these patterns to the guideline-suggested therapy for antihypertensive treatment among patients with IHDRD and KD.
METHODS

Study Database
The MHLW provided a NDB sampling data set from October 2011, which included 10％ of all inpatient medical claims and 1％ of all outpatient medical claims. The study period (October 2011) was arbitrarily selected by the MHLW, and we were unable to request a more recent dataset. However, the data remain relevant, as they highlight the approach of healthcare professionals to understanding and implementing national guideline. Although the period (2011) of NDB data used in this study does not match with the issue date of JSH2014, this diŠerent timing does not aŠect our study purpose because the guideline-2014 is not diŠerent from the guideline-2009 regarding discussion point of this study, i.e., the policy to KD patients.
The present study's design was reviewed and approved by the ethics committee of Nagoya City University and the National Database Committee of the MHLW. The NDB contains medical, dispensation, and dental claims. Each claim is divided into several records, which are then uploaded to the NDB. The MHLW had anonymized all data by removing identiˆable information regarding the included patients and medical institutions, and we used a common anonymous identiˆcation number (ID-1) to establish links between the claims. In addition, all records from one claim have the same reference number (RN).
Medical claims from clinics and hospitals include RE records with general demographic information (ID-1, age group, sex, month, and RN), SY records with disease information (diagnoses and their modiˆ-ers, and RN), and IY records with medication information (medication name and RN). The dispensation claims from pharmacies contain outpatient RE records (ID-1, age group, sex, month, and RN) and IY records (medication name and RN). Figure 1 shows the structure of the dispensation and medical claims data, as well as how we combined the dispensation claim records with the outpatients' medical claims.
Data Cleaning and Analysis
Because the extraction rates for the inpatient and outpatient claims data were diŠerent, and because outpatients have a unique dispensation route (vs. inpatients), we separated the inpatient and outpatient data. To analyze each patient's claims data from the NDB data set, we reconstructed all relevant medical claims using the patient's RN. However, we omitted medical claims 895 YAKUGAKU ZASSHI Vol. 137 No. 7 (2017) data that did not include an ID-1 identiˆer and/or all information for the RE, SY, and IY records. We also linked outpatient medical claims from the hospitals with the pharmacy dispensation claims, although we omitted outpatient medical claims data that occurred more than twice in the same month, because we could not determine which medical claim corresponded to the dispensation claim. We also omitted outpatient dispensation claims data that had the same ID-1 that was listed on the omitted medical claims. The outpatient dispensation claims data were reconstructed by combining the RE and IY records using the RN, and we reconstructed the outpatient medical claims by combining the RE, SY, and IY records using the RN. Thus, after excluding cases without an ID-1 identiˆer, the ID-1 could be used to match the medical and dispensation claims for the included patients.
After the data cleaning was performed, we choose antihypertensive agents in IY records (medication name). The antihypertensive treatments were divided into calcium channel blockers (CCB), angiotensin II receptor blockers (ARB), angiotensin converting enzyme inhibitors (ACEI), b-blockers (BB), loop diuretics, other diuretics, thiazide, carbonate dehydratase inhibitors, and other antihypertensives. For example, the compounding agent which consists of CCB and ARB was counted as 2 types of antihypertensives. We subsequently removed data from patients who were ＜55 years old (＜10％ of the sample population) to exclude cases of juvenile hypertension. We extracted IHDRD and/or KD from SY records (diagnoses). We deˆned cases of IHDRD as cases that involved hyperlipidemia, arteriosclerosis, angina pectoris, and/or heart failure. If the patient has more than 2 records (e.g. hyperlipidemia and heart failure), we counted as more serious disease (e.g. heart failure) patient. KD was deˆned using codes that contained the words``kidney disease'' and kidney disease's words from the 10th revision of the International Statistical Classiˆcation of Diseases and Related Health Problems, which were associated with a reduction in the estimated glomerularˆltration rate. The order of the extractions steps is shown in Fig. 2 . All analyses were performed using SAS software (version 9.4; SAS Institute Inc., Cary, USA). Odds ratios (OR) and 95％ conˆdence interval (CI) are reported for signiˆcant associations. All signiˆcant tests were Chi-square test, and statistical signiˆcance was assumed as p＜0.05.
RESULTS
Clinical Characteristics of Patients Who Received Antihypertension Therapy
We evaluated data from 91890 inpatient claims and 477854 outpatient claims ( Table 1 ). The data cleaning procedures excluded 29.7％ of the inpatient medical claims, 54.5％ of the outpatient medical claims, and 35.7％ of the dispensation claims. We can use about 50％ of all outpatients' claims data because medical claims and dispensation claims could not be combined. Thus, we had available data of 26186 inpatients (28.5％) and 155839 outpatients (32.6％) who received antihypertension therapy. This data indicated that the men were more likely to have hypertension, although we did not perform sex-speciˆc analyses because previous studies have demonstrated that there are no sexspeciˆc diŠerences in the ability of antihypertensive therapy to reduce the risk of cardiovascular event. 13 15) We categorized the included patients according to their progression of IHDRD diagnoses (hyperlipidemia, arteriosclerosis, angina pectoris, heart failure, and non-IHDRD), and evaluated the proportions of KD according to IHDRD classiˆcation ( Table 2) . Compared to outpatients, inpatients exhibited higher proportions of the diŠerent IHDRD and KD comorbidities. The comorbidities' proportion of heart failure and KD (inpatients: 36.0％, outpatients: 21.6％) was highest than other patients' groups.
Comparing Combination Therapy with Monotherapy among Patients with IHDRD and KD The JSH2014 suggests that BP control for patients with IHDRD and KD should involve combination therapy to protect the kidneys and heart. Therefore, we examined the association of KD with the number of prescribed antihypertensives among patients with or without IHDRD (Fig. 3) . Monotherapy was more common among patients with only IHDRD, and both inpatients and outpatients with IHDRD and KD exhibited higher proportions of combination therapy (vs. patients with IHDRD alone) (Fig. 3 Left panel) . Monotherapy was more common among patients without IHDRD, too, and both inpatients and outpatients with only KD exhibited higher proportions of combination therapy (vs. patients without KD) (Fig.  3 Right panel) . Ridit analyses revealed that the number of prescribed antihypertensive was signiˆcantly higher among patients with KD, compared to patients without KD ( p＜0.05 after Bonferroni correction).
Associations of KD with CCB Monotherapy and CCB/ARB Combination Therapy
We examined the most frequently prescribed antihypertensives by analyzing NDB, and CCB was most frequently prescribed antihypertensive class. And also about 2 combination therapy, CCB/ARB therapy was most frequently prescribed therapy (data not shown). Therefore, we focused on CCB and ARB more than other antihypertensives. Previous studies have suggested that the addition of ARB to CCB therapy was more eŠective than CCB monotherapy for preventing cardiovascular events and KD progression. 16 19) Therefore, we examined the associations of KD with CCB monotherapy and combination therapy including CCB and ARB ( Table 3) . Signiˆcant associations with KD status and the treatment groups were ob- IHDRD, ischemic heart disease related diseases; KD, kidney disease.
Fig. 3. The Patient's Ratio of Antihypertensive Therapies
The ratios of monotherapy and combination therapies among patients with ischemic heart disease related diseases (IHDRD) and according to their kidney disease (KD) status. Ridit analyses were performed to compare the eŠects of KD status on the number of antihypertensives prescribed to patients with IHDRD. p＜ 0.001 was considered statistically signiˆcant after Bonferroni correction for multiple comparisons. 897 YAKUGAKU ZASSHI Vol. 137 No. 7 (2017) served among outpatients with all forms of IHDRD diagnoses. These associations were also observed among inpatients with hyperlipidemia, angina pectoris and heart failure. These results suggested that there was a signiˆcant association between the presence of KD (regardless of comorbid diseases) and CCB/ARB therapy, which indicates that patients with KD were typically prescribed CCB/ARB therapy, rather than CCB monotherapy.
Prescribing Patterns among Patients with Heart Failure
It is very important to select appropriate medication for body ‰uid regulation in patients with heart failure. Therefore, we investigated the variations of antihypertensive drug classes in the heart failure subgroup ( Table 4 ). The JSH2014 suggests that combination therapy [a rennin-angiotensin inhibitor (RA inhibitor) with a BB and a diuretic] be used as the standard therapy to improve prognosis in patients with heart failure. However, results of Table  4 indicate that ＜0.3％ of the patients with heart failure received this combination, even among patients with KD. Moreover, inpatients with heart failure were most likely to be prescribed loop diuretic monotherapy and outpatients with heart failure were most likely to be prescribed ARB/CCB therapy. To examine whether heart failure was associated with the selection of combination therapy using diuretics, we compared the ARB/diuretics therapy (using loop diuretics, thiazide, and other diuretics), which is suggested by the JSH2014, and CCB/ARB therapy, which was the most commonly prescribed combination therapy for patients with heart failure ( Table 5) .
We did not observe any signiˆcant associations between KD status and the antihypertensive therapies (ARB/diuretics therapy or ARB/CCB therapy) in inpatients (OR, 0.87; 95％ CI, 0.69 1.10) and outpatients (OR, 1.11; 95％ CI, 0.95 1.29) with heart failure. However, KD status was signiˆcantly associated with the therapy modes (ARB/diuretics therapy and ARB/CCB therapy) among inpatients and outpatients without heart failure. These results suggest that KD status was not signiˆcantly associated with the selection of diuretics-containing combination therapy among patients with heart failure.
DISCUSSION
Patients with IHDRD and KD have an elevated risk of cardiovascular events, and these patients should be controlled hypertension more strictly and considered to be prescribed combination therapy to minimize their risks of comorbidities. We hypothesized that prescription pattern should depend on the progression status of IHDRD. Since we cannot determine the diseases progression status from NDB, we assumed that the hyperlipidemia, arteriosclerosis and angina pectoris would be less severe phenotype than heart failure, and then evaluated the combination therapy ratios in the patients with heart failure comparing with three other diseases as a reference. We studied the patients with IHDRD and/or KD, who were treated mainly by CCB or ARB. Patients with myocardial infarction are treated mainly by BB and thrombolytic drug in most cases. Arrhythmia are not classiˆed as IHDRD, and patients with arrhythmia are treated by other medication rather than CCB and ARB. Therefore, we excluded these patients with myocardial infarction and arrhythmia from this study. We evaluated the proportions of various comorbidities according to IHDRD class and KD status, which revealed that arteriosclerosis or heart failure with KD were the two most common comorbidities ( Table 2) . Next, we evaluated the prescription of monotherapy or combination therapy according to IHDRD and KD status, and observed that patients with IHDRD and KD were more likely to receive combination therapy, compared to patients with only IHDRD (Fig. 3) . This pattern may re‰ect the guideline-suggested therapies, which indicate that serious patients need combination therapy in the most cases, and combination therapy is more eŠective for reducing the risk of comorbidities, compared to high-dose monotherapy. Therefore, it appears that KD was associated with combination therapy, which led us to examine the detailed antihypertensive prescription patterns according to comorbidity and based on the JSH2014.
Among patients with KD, BP control therapy aims to prevent cardiovascular events and inhibit KD progression. Thus, the JSH2014 suggests prescribing combination therapy for patients with KD, and to include ARB therapy for its ability to protect the heart, kidneys, and brain. This is because a previous study has suggested that the combination of ARB/CCB therapy is more eŠective than CCB monotherapy for preventing IHDRD and KD progression. 16 19) Because preliminary examinations and comparisons by analyzing NDB showed that CCB and CCB/ARB combination therapy (about 2 combination therapy) were most frequently prescribed therapy (data not shown), we focused on CCB and ARB more than other antihypertensives at this study. Then, we found a signiˆcant association between the presence of KD (regardless of comorbid diseases) and CCB/ARB therapy, as patients with KD were more likely to receive CCB/ARB therapy, compared to CCB monotherapy ( Table 3 ). This result suggests that Japanese patients with KD are most frequently prescribed combination therapy, which re‰ects the JSH2014 evidence-based therapy to include ARB. However, we did not observe a signiˆcant association between the presence of comorbidities and CCB/ ARB therapy among inpatients with arteriosclerosis, which might be due to a small number of patients and thus insu‹cient statistical power. In order to assess a possibility that a higher ratio of CCB/ARB combination therapy might be due to a preferential prescription of ARB itself in the patients with KD, we examined an association of ARB monotherapy with KD status comparing with CCB monotherapy (data not shown). The result indicated no preferential association of ARB monotherapy in the patient with serious disease status, i.e., inpatients or patients with heart failure, which was in accordance with the current nding that serious patients were more frequently treated with CCB/ARB combination therapy.
Among patients with heart failure, it is di‹cult to balance the regulation of their ‰uid levels with the medication's eŠects on the patient's heart, kidneys, and prognosis. Furthermore, this balance is even more di‹cult to achieve among patients with KD, and the appropriate selection of antihypertensive therapy 7 (2017) is important in this subgroup. In the present study, many inpatients and outpatients with heart failure also had comorbid KD ( Table 2) , and these patients are considered di‹cult to treat. The JSH2014 suggests using combination therapy (an RA inhibitor with a BB and a diuretic) as the standard therapy for improving prognosis among patients with heart failure. Therefore, we examined the antihypertensive prescription patterns among the heart failure subgroup, which revealed that the rate of the standard combination therapy is very low ( Table 4) . Interestingly, a meta-analysis of hypertensive treatments revealed that diuretics and RA inhibitors were the most eŠective drugs for preventing heart failure, although CCBs and BBs were less eŠective. 20) Thus, the authors of these papers suggested that theˆrst-line therapy for heart failure include the diuretic alone or the combination with a RA-inhibitor. Moreover, the previous study revealed that ARB inhibited the progression of KD. 21) JSH2014 suggests that patients with KD use diuretics in preference to CCB as RA inhibitor combination therapy in case that their ‰uid level is high. Therefore, we compared combination therapies using ARB/diuretics or CCB/ARB (most frequent therapy) for patients with heart failure, which revealed that there was no signiˆcant diŠerence in the two prescription rates ( Table 5 ). Those results of Table 4 and 5 also supported that the patients with heart failure were not prescribed more preferentially the combination therapy including diuretics than other combination therapy. We could not conˆrm the actual therapy which match the guideline-suggested therapy by the analysis of NDB. Because the study using NDB cannot address the reason of the mismatch, we expect the further clinical survey including detail clinical symptom.
We consider that the post-marketing study using NDB is useful not only for the pharmacovigilance study, but also for the veriˆcation of therapeutics guideline. Because there are few researches using NDB, this study leads to further studies using NDB and large electronic medical database.
The present study has several limitations that warrant consideration. First, we cannot analyze the prescription patterns according to the progression or stage of clinical symptoms because the NDB does not include more detailed clinicalˆndings. Second, the claims data provide only diagnostic codes, and we cannot determine the order or intensities of diŠerent therapies. Nevertheless, the NDB provides nationally representative data that are not biased by speciˆc institutions, and it appears that these data are suitable for post-marketing surveillance. Third, the healthcare system in Japan has two claims systems: the regular system, which includes NDB, and the diagnosis procedure combination system (DPC system) for acute medical care. Although we did not analyze the DPC system data, which likely included some patients with IHDRD and KD, DPC may provide the useful data to analyze prescription pattern. Fourth, we cannot extract information of smoking, family history, and obesity from NDB because there are no information in the claims data. Therefore, these confounding factors could not be adjusted in this study. We also cannot adjust the age and the diabetes because these information are complicated and not accurate.
CONCLUSION
In conclusion, most patients with IHDRD and KD were prescribed combination therapy using ARB, which complies with the JSH2014. However, only a very small proportion of patients with heart failure were prescribed the guideline-suggested combination therapy (including a RA-inhibitor and a diuretic). This study provided a clinically important information and demonstrated the utility of NDB not only for the pharmacovigilance study, but also for the veriˆca-tion of therapeutics guideline.
